The antipyrinyl derived molecules are a versatile building blocker organic compounds and used in medicinal drug research. A versatile range of hybrid molecules have been synthesized by diazotization of 4-aminoantipyrin and further substituted with six different coupling components. The structures of the synthesized compounds have been confirmed by different spectral techniques. The antimicrobial activity of the synthesized molecules is investigated by agar well diffusion method against a wide range of microbial strains. The results of the antimicrobial activities of the novel synthesized molecules are statistically interpreted by dunnet post hoc test. It is found to be observed that the compound 4
INTRODUCTION
Frequently indiscriminate using of antibiotics is not only abusing the rational use of drugs but also develop antibiotic resistance within the pathogenic micro-organisms. Multi drug resistance in various pathogenic organisms also develop resistance genes within their DNA which further transfer to other sensitive organisms during their mutation. Inclusion of emerging infectious diseases like severe acute respiratory syndrome and avian influenza is a worldwide problem. Therefore it needs continues development of novel antimicrobials to overcome such problems. 4-aminoantipyrin nucleus is the key pharmacophore and has been reported with various pharmacological activities such as analgesic, 1 antimicrobial, 2 antidepressant 3 and antitumor agents. 4 4-Hydroxycoumarin derived molecules possess a versatile biological activities viz. anticoagulant, 5 anti-viral, 6 anticancer 7 etc. activities. 8-Hydroxyquinoline, an organic compound that consists of a phenol ring fused to a pyridine ring popular for their various pharmacological actions, 8 The structure of salicylic acid nucleus is deduced as 2-hydroxy benzoic acid. The molecules bearing salicylic acid nucleus possess antioxidant, antiproliferative 9 and cytotoxic 10 activities. The 1,3-benzenediol derivatives are good phenolic candidates with expecting clinical activity. 11 The compounds of naphthalene derivatives in various literatures reported with different biological activities like antimicrobial activities and HIV-1 integrase inhibitory effect. 12 Azo molecules are well accepted for their medicinal uses such as antibacterial, 13 antitumor, 14 antiseptics 15 and antioxidant 13 properties. All these above information trumpeted to develop such hybrid molecules in which both 4-aminoantipyrin nucleus and azo group can be kept together. Thus it is decided to couple different nucleophiles with 4-aminoantipyrin nucleus by azo coupling reaction and to evaluate their antimicrobial property.
MATERIALS AND METHODS

EXPERIMENTAL SECTION
Chemicals and Analysis
For the present research purpose the chemicals used are of synthetic grade, sourced from Merck Ltd. and Hi Media Laboratories Pvt. Ltd., Mumbai, India. Melting points are found to be uncorrected and were determined on Elico Melting point apparatus. The synthesized molecules are analyzed by FT/IR (JASCO FT/IR 4100 Spectrophotometer using KBr disc). The 1 H NMR spectra were recorded on a (Bruker 1 H NMR 300MHz) using Tetramethyl silane as an internal standard and the chemical shifts were expressed on δ ppm. UV (JASCO V-630 Spectrophotometer) and LC-MS (Shimadzu-Mass spectrometer) were used for observation of solvent effects and molecular mass respectively. Elemental Analysis for C, H, N and S were performed on Perkin Elmer model 2400 CHNS/O analyzer.
General procedure for the synthesis of antipyrinyl azo analogues 4(a-f) 16 The novel antipyrinyl azo molecules are synthesized by the method mentioned with little modification. A cold solution of 2.5 mL of sodium nitrite (0.206 g, 3 mmol) was added drop wise to ice-cold solution of 4-aminoantipyrin in conc. HCl and water in equal proportion. The temperature of the reaction was maintained up to 0-5°C. When addition was completed, the solution was kept about 5 min with occasional stirring to complete the diazotization. Then it was poured into an ice cold solution of six different neutral nucleophiles in presence of sodium acetate buffer (Scheme). The mixture was allowed to stand on an ice bath for 10-15 min. The reaction mixture was adjusted at a pH range of 5-6. Thus the obtained coloured products were filtered, washed with water and dried. Finally obtained products (4a-4f) were re-crystallized from ethanol and dried. 
4-[(4-Hydroxy
-2-oxo-2H-chromen-3-yl)diazenyl]-1, 5-dimethyl- 2-phenyl-1H-pyrazol-3(2H)-
5-((1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) azo)-2-hydroxybenzoic acid
4-((2, 4-dihydroxyphenyl) diazenyl)-1, 5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one (4d):
Gray colour powder, Yield 70%, R f 0.7; mp (°C); 217-220; UV-vis (λ max , ethanol):420 nm; IR (KBr, γ, cm were prepared. Agar well diffusion method and serial dilution assay procedure was employed to determine minimum inhibitory concentration. The different concentrations for respective compounds were loaded into the wells and incubated at 37 °C for 18-24 h.
4-((2-hydroxynaphthalen-
1-yl) diazenyl)-1, 5-dimethyl-2-phenyl- 1H-pyrazol-3(2H)-and Bacillus subtilis strains (freshly sub cultured) were obtained from University Department of Pharmaceutical Sciences, Utkal University. Ampicillin was used as reference antibiotics. The antimicrobial diffusion test was performed using a cell suspension of about 1.5 × 10 6 CFU mL −1 employing a McFarland turbidity standard No. 0.5. The antimicrobial activity of the novel antipyrinylazo molecules (4a-4f) was performed by agar well diffusion method using sterile molten nutrient agar.
18, 19
Acute Toxicity Study
The experiment was carried under the guideline of CPCSEA and approved by the IAEC. OECD guideline No.420 (2000) for the Acute Oral Toxicity-Fixed Dose Procedure of the test compounds (4a-4f) was followed.
Statistical analysis
The observed data on zone of inhibitions were subjected to one way analysis of variance. The mean zone of inhibition for each compound on each strain was compared with the reference antibiotic through Dunnett Post Hoc test https://www.statstodo.com/SSizAOV_Pgm.php). The test of significance was done at 5% level of type one error. The research hypothesis was 'the zone of inhibition for test compound was higher than the reference antibiotic against the hypothesis of no difference (null hypothesis) which states that there is no significant difference between the zone of inhibition of the test compound and reference antibiotics.
Sample size determination
A minimum sample size of five was calculated taking probability of type 1 error (d) = 0.05, Power (1-β) =0.8, Number of groups 13 within group SD=2. However a sample size of six has been taken in the study for each compound against each strain.
RESULTS AND DISCUSSION
Chemistry
A series of six antipyrinyl azo-molecules (4a-4f) were synthesized by coupling of diazotized 4-amino antipyrin with different nucleophiles in presence of nitrosyl chloride on mild condition (Scheme). The excess of nitrous acid in the reaction was minimizing by addition of sodium acetate buffer. The nucleophiles are 4-hydroxy coumarin, 8-hydroxy quinoline, salicylic acid, 1,3-benzenediol, β-naphthol and salicylaldehyde. The purity of compounds was checked by TLC using silica gel with suitable solvents such as cyclohexane: ethyl acetate (60:40). The elemental analysis of the synthesized antipyrinylazo molecules is found to have good agreement with their calculated values. The FT/IR spectra of the synthesized molecules showed the vibration bands at a range of γ 1655-1687 cm -1 assigned to C=O str. of pyrazolone nucleus and the band for -N=N-showed at a range of γ 1461-1557 cm -1 . The FT/IR spectral image of 4a is illustrated in Figure 1 . The 1 H NMR of the molecules suggested that the two sharp singlets appeared at a range of δ 2.46-2.79 and 3.15-3.39 ppm attributed to the protons of methyl groups of 4-aminoantipyrin conjugated azo molecules. However the singlets appeared at δ 13.56, 9.58, 11.65, 10.14, 12.71 and 11.37 ppm corresponding the proton of -OH groups of the attached nucleophiles in the respective molecules (4a-4f) revealed their structural confirmation. The 1 H NMR spectral image of 4c is illustrated in Figure 2 . The solvent effect of the synthesized compounds is mentioned in Table 1 . The solvatochromic effect of the synthesized compounds revealed that the molecule 4d and 4e showed good bathochromic shift in most of the solvents may be due to the attachment of benzene-1, 3-diol and 2-naphthol respectively. The solvent effect of all the antipyrinylazo analogues with ethanol presented in Figure 3 . The molecular ion peaks observed for all the synthesized molecules by LC-MS strongly reveals their predicted molecular formula. The LC-MS image of 4d is illustrated in Figue 4.
Antimicrobial Screening
Though all the compounds showed satisfactory antimicrobial activity but the antipyrinylazo conjugated 4-hydroxycoumarin (4a) showed excellent antimicrobial activity against both gram positive and gram negative bacterial strains such as S. flexneri, K. pneumonia, M. luteus, S. mitis, B. subtilis and S. aureus in comparison to standard drug ampicillin may be due to the attachment of 4-antiprinyl moiety at C-3 position of 4-hydroxycoumarin. However, the compounds 4b, 4d and 4e showed moderate activity ( Table 2) .
Acute Toxicity
The acute oral toxicity study revealed that there was no mortality found to be observed in the experimented animals and the synthesized antipyrinylazo analogues are found to be safe up to 2000 mg/kg body weight.
CONCLUSION
The entire novel synthesized 4-aminoantipyrin conjugated azo molecules with different nucleophilic substrates are structurally found to be confirmed by FT/IR and 1 H NMR spectral analysis. The antimicrobial ability of the synthesized molecules was evaluated by measuring the zone of inhibition that produced when the test molecule is applied against the microorganisms. Though the Figure 1: FT/IR of 4-[(4-Hydroxy-2-Oxo-2h-Chromen-3-Yl) Diazenyl]-1, 5-Dimethyl-2-Phenyl-1h-Pyrazol-3(2h)-One (4a) . synthesized molecules showed satisfactory antimicrobial activity but the compound 4a showed significant antimicrobial activity against a wide range of bacterial strains than other molecules in comparison to standard ampicillin. Thus the antipyrinylazo analogue 4a may be recommended as a lead in the research for novel therapeutic agent for the treatment of antimicrobial infections.
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